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TMF-BINOIWG PROTEINS 

The Tunior Necrosis Factor (TNF«. .also cachectin), discovered because 
of its hemorrhasic-necrBtizing effect on certain tumors, and lymphotoxin (TNF P ) 
are two closely related peptide factors [3] of the class of ly„phoVines/cytokines. 
wMch will both from now or be designated as TNF [ see survey papers 2 and 3 ]. 
TNF disposes over a broad cellular perfonnance spectrum. For instance TNF has an 
inhibiting or cytotoxic effect on a series of tumor cell lines [2.3]. stimulates 
the proliferation of fibroblasts and the phagocytizing/cytotoxic activity of 
myeloid cells f.S.S], induces adhesion molecules in endothelial cells or has an 
inhibiting effect on endothelium [7.8,9,10]. inhibits the synthesis of specific 
enzymes in adipocytes [U] .nd induces the expression of histocompatibility 
antigens [U]. Some of these TNF effects are achieved via induction from other 
factors or through synergistic effects with other factors, such as interferons 
or interleukins [13-16]. for instance. 

TNF is involved in a series of patholigical conditions, for instance in 
shock conditions during meningococcal sepsis [17]. during development of autoimmune 
glomerulonephritis in mice [18] or in case of cerebral malaria in mice [19] and 
humans [41]. Generally speaHT,g. the toxic effects of endotoxin appear to be 
transmitted through TNF [20]. Furthermore. TNF can. Just like interleukin-l. bring 
on fever [39]. Based on the pl.iotropic functional characteristics of TNF it can 
be assumed that TNF is a participant in interaction with other cytokines in a 
whole series of further pathological conditions as mediator of immune response, 
inflammation or other processes. 

These biological effects are transmitted through TNF via specific receptors, 
with TNF* and TNfP both binding to the same receptors, according to the present 
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state of knowledge [21]. Different types of cells are differentiated by the number 
of TNF receptors [22,23,24]. Such quite generally considered TNF binding proteins 
(TNF-BP) were verified through covalent binding to radioactive marked TNF [24-29], 
with the following apparent molecular masses of the obtained TNF/TNF-BP complexes 
having been determined: 95/100 kDa and 75 kDa [24], 95 kDa and 75 kDa [25], 138 kDa, 
90 kDa, 75 kDa, and 54 kDa [26]. 100-5 kDa [27], 97 kDa and 70 kDa [28] and 145 kDa 
[29], By means of anti-TNF-antibody-immunoaff inity chromatography and preparative 
SDS-polyacril amide gel electrophoresis (SDS-PAGE) such a TNF/TMF-BP complex could be 
isolated [27]. The reductive cleavage of this complex and the subsequent SDS-PAGE 
analysis resulted in several bands, which were not tested for TNF binding activity, 
however. Since the specific conditions, which must be employed for cleavage of the 
complex, lead to an inactivation of the binding protein [31], the latter was made 
impossible. The enrichment of soluble TNF-BP from human serum or urine by means 
of ion exchange chromatography and gel filtration (molecular masses in the range 
of 50 kDa) was described by Olsson et al . [30], 

Brockhaus et al . [32] obtained an enriched TNF-BP preparation through TNF«u- 
1 iganddff ini ty chromatography and HPLC from membrane extracts of HL50 cells, which 
was in turn used as antigen preparation for the production of monoclonal antibodies 
against TNF-BP. Through use of such an immobilized antibody (immunoaffinity chro* 
matography) an enriched preparation of TNF-BP was obtained by means of TNFot ligand- 
affinity chromatography and HPLC by Loetscher and Brockhaus [31] from an extract 
of human placenta, which exhibited a strong wide band at 35 kDa, a weak band at 
about 40 kDa and a very weak band in the region between 55 kDa and 60 kOa, during 
the SDS-PAGE analysis. Moreover the gel exhibited a background smear in the region 
between 33 kDa and 40 kDa. The meaning of the protein bands thus obtained was not 
clear, however, in view of the heterogeneity of the initial material used (pla- 
centa tissue; material combined from several placentas). 
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The subject of the present invention is non-soluble proteins, 1,e.» for 
instance membrane proteins resp. so-called receptors and their soluble or 
non-soluble fragments, which bind TNF (TNF-BP), in homogeneous form, as well as 
their physiologically compatible salts. Preferred are those proteins which are 
characterized , according to SDS-PAGE under non-reducing conditions, by apparent 
molecular masses, of about 55 kte^ 51 kD&,38 kDa, 36 kDa, 36 kDaand'34 kliresp. 
75 kISand 65 kOa particularly those with about 55 kCBand 75akD9- Additionally 
preferred are those proteins, which are characterized by at least one of the fol- 
lowing amino-acid part sequences: 

(IA) Leu-Val -Pro-Hi s-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-Ser-Val-Cys-Pro-Gln- 
Gly-Lys-Tyr-1 1 e-Hi s-Pro-Gl n-X-Asn-Ser-Il e 

(IB) Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-Thr-Thr-Lys 

(IIA) Ser-Gln-Leu-Slu"Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-Thr-Glu-Glu-Lys-Pro-Leu 
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(IIB) Val-Phe-Cys-Thr 

(IIC) Asn-Gln-Pro-Gin-A1a-Pro-G1y-Val-Glu-Ala-Ser-Gly-Ala-Gly-G1u-Ala 

( I ID) Leu-Pro-Al a-Gl n-Val -Al a-Phe-X-Pro-Tyr-Al a-Pro-Gl u-Pro-61y-Ser-Thr-Cys 

(HE) II e-X-Pro-GI y-Phe-Gly-Val -Al a-Tyr-Pro-Al a-Leu-Gl u 

(IIP) Leu-Cys-Ala-Pro 

(116) Val -Pro-Hi s-Leu-Pro-Ala-Asp 

(IIH) Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-ne-X-Ala-Pro where X stands 
for an amino acid residue that could not be determined unequivocally. 
In the state of the technology TNF-BP have already been characterized by an 
N-tenninal partial sequence [European Patent Application Nr. 308 378], with this 
sequence differing from the N-tenninal partial sequence according to the invention 
according to formula (lA). The TNF binding proteins described in the state of the 
technology relate by the way to soluble i.e. not membrane-bound TNF-BP isolated 
from urine and not to membrane-bound, i.e. non-soluble, TNF-BP. 

Also subject of the present application are processes for isolation of the 
TNF-BP according to the invention. These processes are characterized in that basi- 
cally the following steps of purification are being carried out sequentially: 
production of a cell extract or tissue extract, immunoaff inity chromatography 
and/or simple or multiple 1 igandaff inity chromatography, high pressure liquid 
chromatography (HPLC) and preparative SDS-polyacril amide gel electrophoresis 
(SDS-PAGE). The combination of the individual purification steps known from the 
state of current technology is essential for the success of the process according 
to the invention, with individual steps within the scope of the task to be solved 
having been modified and improved. For instance the combined immunoaff inity 
chromatography/TNF«^-l igandaff inity chromatography step, initially used for en- 
richment of TNF-BP through human placenta [31], was changed in that a BSA-Sepharose 
4B-precolumn was used. This precolumn was put in series with the immunoaff inity 
column and followed by the ligandaffinity column for application of the cell 
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extract or membrane extract. After application of the extract the two columns 
mentioned last were decoupled, each eluated separately and the TNF-BP active 
fractions were purified once more through a 1 igandaff inity column. Essential 
for the carrying out of the reverse phase HPLC step according to the invention 
is the use of a solvent mixture containing a detergent. 

Furthermore a technical process to obtain high cell densities of mammalian 
cells, from which TNF-BP can be isolated, is also a subject of the present inven- 
tion. Such a process is characterized in that a medium, which was developed for 
the specific growth requirements of the cell line used, was employed in combina- 
tion with a perfusion instrument as described in detail in Example 2. for instance. 
By means of such a process cell densities for HL-60 cells may be increased to as 
much as 20 times higher than usual. j 

In addition the present invention relates to DNA sequences, which are coded 
for proteins that bind TNF and for their soluble and non-soluble fragments. By 
that we understand for instance DNA sequences that are coded for non-soluble 
proteins that bind TNF, or for their soluble and non-soluble fragments, with such 
ONA sequences being selectable from the following: 

(a) DNA sequences, as shown in Fig.l or Fig.4, as well as their complete 
strands, or those that include these sequences; 

(b) DNA sequences that hybridize with sequences defined in (a) or with their 
fragments; 

(c) DNA sequences that do not hybridize with sequences as defined in (a) 
and (b) because of degeneration of the genetic code, but which code for 
polypeptides with exactly the same amino-acid sequence. 

That means that the present invention includes not only allelic variants 
but also such DNA sequences that result from deletions, substitutions and additions 
of one or more nucleotides of the sequences shown in Fig.l resp. Fig.4, with the 
thus coded proteins being at all times TNF-BP. A sequence resulting from such a 
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- deletion is described in SCIENCE 248, 1019-1023, (1990). for instance. 

Preferred are such DNA sequences that are coded for such a protein with an 
apparent molecular mass of about 55 kOa.with the sequence shown in Fig.l being 
especially preferred as are sequences that are coded for non-soluble or soluble 
fragments of such proteins. A DNA sequence that is. for instance, coded for such 
a non-soluble protein fragment stretches from nucleotide -185 to 1122 of the 
sequence shonw in Fig.l .DNA sequences that are coded for soluble protein fragments 
are. for instance, those that stretch from nucleotide -185 to 633 resp. from 
nucleotide -14 to 633 of the sequence shown in Fig.l .Also preferred are DNA 
sequences that are coded for a protein of about 75/65 kDa.with preference for 
those containing the partial cDNA sequences shown in Fig. 4 . 
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Especially preferred DNA sequences in this case are the sequences of t' 
reading frame from nucleotide 2 to 1'177. The peptides IIA, IK, lit. w . 
TIG and IIH are encoded by the partial cDNA sequence in Fig, 4, where the slight 
deviations in the experimentally deterwined amino acid sequences from the sequence 
derived from cDNA are most probably caused by the smaller resolution of gas phase 
sequencing. Also preferred are DNA sequences, which are coded fon non-soluble 
as well as soluble fragments of TNF binding proteins with an apparent molecular 
mass of 75 kDA/65 kDa. DNA sequences for such soluble fragments can be determined 
based on the hydrophilia profiles of the amino sequences derived from nucleic 
acids coded for such non-soluble TNF-BP. 

The invention relates furthermore to DNA sequences, which comprise a combi- 
nation of two partial DNA sequences, with one partial sequence being coded for 
such soluble fragments of non-soluble proteins which bind TNF (above) while the 
other partial sequence is coded for all the domains, save the first domain of the 
constant region of the heavy chain of human immunoglobulins, like IgG, IgA. IgM 
resp. IgE. 

The present invention relates naturally also to recombinant proteins encoded 
by such DNA sequences. It is self-evident that such proteins. in whose amino acid 
sequences amino acids have been exchanged, for instance by means of directed 
mutagenesis, in such a way that the activity of the TNF-BP or their fragments, 
specifically the binding of TNF or the interaction with other membrane components 
involved in the signal transmission, were changed or retained in a desired manner, 
are also included. Amino acid exchanges in proteins and peptides, which in general 
do not change the activity of such molecules, are known in the current state of 
technology and have been described, for instance, by H. Neurath and R.L. Hill in 

The Proteins (Academic Press. New York 1979. see in particular Fig. 6, page 14) 
The exchanges occurring most frequently are: Ala/Ser, Val/Ile. Asp/Glu. Thr/Ser. 
Ala/Gly, Ala/Thr, Ser/Asn. Ala.Val. Ser/Gly Tyr/Phe, Ala/Pro, Lys/Arg. Asp/Asn, 
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Leu/Ile. Leu Val, Ala/Glu, Asp/Gly. as well as in reverse direction. The present 
invention relates further to vectors that contain DNA sequences according to the 
invention and are suitable for the transformation of suitable prokaryotic as well 
as eukaryotic host systems, with such vectors being preferred whose use leads to 
the expression of the proteins encoded by the DNA sequences according to the in- 
vention. Finally the invention relates also to prokaryotic as we.ll as eukaryotic 
host systems transformed with such vectors, such as processes for production of 
recombinant combinations through cultivation of such host systems and subsequent 
isolation of these combinations from the host systems themselves or from their 
culture supernatants. 

Also subject of the present invention are pharmaceutical preparations, which 
contain at least one of these TNF-BP or their fragments, if so desired in combi- 
nation with additional pharmaceutical ly active substances and/or non-toxic, inert, 
therapeutically compatible carrier materials. 

The present invention relates finally to the use of such TNF-BP on the one 
hand for production of pharmaceutical preparations, resp. on the other hand to 
the treatment of diseases, preferably those in the course of which TNF is involved. 

The starting material for the TNF-BP according to the invention are in general 
cells that contain such TNF-BP in membrane-bound form and which are generally 
available to the specialist without any restrictions, like for instance HL60- 
[ ATCC Nr. CCL 240 ], U 937- [ ATCC Nr. CRL 1593 ]. SW 480- [ ATCC Nr. CCL 228 ] 
and HEp2 cells [ ATCC Nr. CCL 23 ]. These cells may be cultivated according to 
known methods of the current state of technology [40] or for the attainment of 
high cell densities by means of the already in general and in detail described 
process for HL60 cells in example 2. TNF-BP may then be' wtracted accfarding tr known 
methods of the current state of technology by means of suitable detergents, for 
instance Triton X-114. 1-0-n-octyl- -D-glucopyranosids (octylglucoside). or 
3-[( 3.cholyl ami dopropyl) -dimethyl ammonio]-l-propane sulfonate (CHAPS) , particularly 
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by means of Triton X-100, from the cells that have been centrifuged off the me- 
dium and washed. The usually employed methods of identification for TNF-BP, for 

125 

instance a polyethylene glycol -induced precipitation of the I-TNF/TNF-BP com- 
plex [27], in particular filter binding tests with radioactively marked TNF 
according to Example 1. may be used. The current state of technology methods ge- 
nerally employed for purification of proteins, particularly of membrane proteins, 
such as ion exchange chromatography, gel filtration, affinity chromatography. 
HPLC and SDS-PAGE. may be used for the recovery of the TNF-BP according to the 
invention. Particularly preferred methods for the production of TNF-BP according 
to the invention are affinity chromatography, particularly with .TNF-* as the 
ligand tied to the solid phase and immunoaffinity chromatography, HPL and SDS-PAGE. 
The elution of TNF-BP bands separated by means of SOS-PAGE can occur according 
to known methods of protein chemistry, for instance by means of electro-elution 
according to Hunkapiller et al - [34], with the electrodialysis times listed there 
to be doubled in general according to the present state of knowledge. Still re- 
n-ning traces of SOS may then be removed according to Bosserhoff et al . [50]. 



mail 
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Having been thus purified the TNF-BP may be characterized by means of the 
methods of peptide chemistry known at the current state of technology, as for 
instance N-tenninal amino acid sequencing or enzymatic as well as chemical peptide 
cleavage. Fragments obtained through enzymatic or chemical cleavage may be separated 
by familiar methods^ like HPLC for instance and then be subject of N-tenninal 
sequencing themselves. Such fragments, which still bind TNF, may be identified 
by means of the methods of identification for TNF-BP listed above and are also 
a subject of the present invention- 
Starting with the information about amino acid sequences or about the DNA 
sequences as well as amino acid sequences shown in Fig.l and Fig'.4 thus obtainable 
suitable oligonucleotides may be produced with methods known at the current state 
of technology while observing the genetic code degeneration [51]. With them and 
by again using well known methods of molecular biology [42,43] cDNA banks or 
genomic DNA banks may be scanned for clones containing nucleic acid sequences en- 
coded for TNF-BP. In addition cDNA fragments may be cloned by means of the poly- 
merase chain reaction (PCR)[49] by inserting completely degenerated and due 
to their complementarity suitable oligonucleotides that come from separate, rela- 
tively short sections of the amino acid sequence and by observing the genetic code, 
as " primers", which enables amplification and identification of the fragment that 
lies between these two sequences. Determination of of the nucleotide sequence of 
such a fragment makes possible an independent determination of the amino acid 
sequence of the protein fragment for which it is encoded. The cDNA fragments ob- 
tainable through PCR may also be used, as already described for the oligonucleotides 
proper, by means of known methods, for the search for clones encoded for TNF-BP 
and containing nucleic acid sequences from cDNA banks resp. genomic DNA banks. 
Such nucleic acid sequences can then be sequenced according to known methods [42]. 
Based on the sequences thus determined as well as on those already known for 
certain receptors, such partial sequences which are encoded for soluble TNF-BP 
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fragments, .ay be detemined and cut out from the total sequence by means of known 
methods [42]. 

The total sequence or such partial sequences may then be integrated by means 
of known methods into vectors described in the current state of technology for 
their multiplication and as well as expression in prokaryotes [42]. Suitable pro- 
.aryotic host organisms are for instance gram-negative as well as ^ram-positive 
bacteria, like for instance E. coli strains, like E. coli HB 101 [ATCC Nr. 33 6943 
or E. coli W3110 [ATCC Nr. 27 325] or B. subtil is strains. 

Furthermore nucleic acid sequences according to the invention, which are 
encoded for TNF-BP as well as for TNF-BP fragments, n,ay be integrated into suitable 
vectors for proliferation as well as expression in eukaryotic host cells, like for 
instance yeast, insect cells and mammal cells,by means of known methods. Expression 
of such sequences occurs preferably in mammal as well as in insect cells. 

A typical expression vector for mammal cells contains an efficient promoter 
element, for achievement of a good transcription rate, the ONA sequence to be 
expressed and signals for an efficient termination and polyadenylation of the 
transcript. Additional elements that can be used are enhancers which lead to 
further amplified transcription and sequences, which may for instance effect a 
longer biological half-life for the mRNA. For the expression of nucleic acid sequen- 
ces in which the endogene sequence piece encoded for a signal peptide is missing, 
vectors may be used that contain such suitable sequences encoded for signal peptides 
of other known peptides. See for instance the vecotr pU268 described by Cullen, 
B.R in Cell 46. 973-982(1986) or also by Shams. S. et al . in " Current Communi- 
cations in Molecular Biology ed. by Gething. M.J. Cold Spring Harbor Lab.(1985), 
pages 73-78. 

Most of th. vectors used for a transient expression of a specific ONA sequence 
in ™a-al cells contain the replication origin of the SV40 virus. In cells that 
express the T-antigen of the virus, (for instance COS cells), these vectors pro- 
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llferate strongly. But a temporary expression is not limited to COS cells. In 
principle any manmial cell may be used for that purpose. Signals that can effect 
a strong transcription are, for instance, the early and late promoters of SV40. 
the promoter and enhancer of the " major immediate-early " gene of HCMV (human 
cytomegalovirus), the LTT^'s ( "long terminal repeats") of retroviruses, like for 
instance RSV, HIV and MMTV. But signals from cellular genes, like for instance 
the promoters of the actin genes and colagenase genes, can be used. 

Alternatively.stable cell lines that have integrated the specific DNA se- 
quence in the genome (chromosome), may be obtained. For that the DNA sequence is 
co-transfected together with a selectable marker, for instance neomycin, hygromycin, 
dihydrofolate-reductase (dhfr) or hypoxanthine-guanine-phosphoribosyltransferase 

(hgbt). s 
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The ONA s«u.rcew.ichis st.bly buiU into the chrco^one can also be considerably 
,ncr.»ed. A suitable selection n.rker for it is the dihydrofolate-reductase (dhfr, 
for «»nple. «a«3l cells ( for instance CHO cells ,. which contain no intact dhfr 
gene, will in that case be incubated with increasing a«unts of «thotrexate after 

n rart hp nreserved that contain more 

completed transfection. In that way cell lines can be preserveo 

than a thousand copies of the desired OKA sequence. 

M»™al cells, which can be used for the expression, are for exan^le cells 
of the hu.an cell lines Hel, [ATCC CCLZ] and 293 CATTC CRL 1573], as well as 313- 
[ATCC CCL 163] and L cells, for instance [ATCC CCL 149], (CHO) cells tATCC CCL 61], 
SHK [ATCC CCL 10] cells as well as the CV 1 [ATCC CCL 70] cell lines and the COS 
cell lines [ATCC CRL 1650, CRL 1651]. 

Suitable expression vectors include for ,xan,ple vectors like pBC12«I [ATCC 
67 109], pSVJdhfr [ATCC 37 IM], pSVL [Pharmacia, Uppsala, Sweden], pRSVCat [ATCC 
37 152] and pHSG [Pharmacia, Uppsala.Sweden]. Particularly preferred vectors are 
the vectors "PK19" and "pNlZS" used in Example 9. These can be isolated from the 
E. coli strains HB10l(pK19) and HB101(pN123) , which are transformed with them, by 
™eans of known methods [42]. These E. coli strains were deposited on 26. January 
1990 with the German Collection of Hicro-Organisms and Cell Cultures. Inc. (D5M) 
in Braunschweig ,BRO, [form. «est Germany ..Transl.] under DS« 5761 for HB101,pK19, 
and DMS 5764 for HB101(pN123) .For the expression of proteins, which consist of 
a soluble fragment from non-soluble TMF-BP and an immunoglobulin component, i.e. 
,1, domains but the first from the constant re9ion of the heavy chain, vectors 
derived from pSV2 like for example described by Ge^an. C. in "DNA Cloning" [Vol. 
n edt by Glover, D.H., IRL Press Oxford, 1985], are particularly suitable. Par- 
ticularly preferred vectors are the vectors pC04-Hu (DS« 5315). pCD4.H 1 (DSH 5314, 
and PCD4-H 3 (DSH 5523). which are deposited with the German Collection of mcro- 
Organisms and Cell Cultures, Inc. (0S«) in Braunschweig, BRD and described in 
detail in the European Patent Application Nr. 90107393.2. The said European patent 
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specification mentioned, as well as the equivalent patent applications listed in 
Example 11. also contain material relating to the further use of these vectors 
for the expression of such chimeric proteins with other immunoglobin components. 

The nature and manner in which the cells are being transfected depends on 
the expression system and vector system chosen. A survey of these methods is found 
for example at Pollard et al . . "DNA Transformation of Mammalian Cells" in 
"Methods of Molecular Biology" [Nucleic Acids Vol.2. 1984. Walker. J.M., ed. 
Humana, Clifton. New Jersey]. Further methods are found at Chen and Okayama 
[" High-Efficiency Transformation of Mammalian Cells by Plasraid DNA", Molecular 
and Cell Biology 7, 2745-2752. 1987] and at Feigner [Feigner et al . , "Lipofectin: 
a highly efficient 1 ipid-mediated DNA^transfection procedure". Proc. Nat. Acad. 
Sci. USA 84, 7413-7417, 1987]. , 

For the expression in insect cell s the Baculovirus-Expression-System. which 
has already been employed successfully for the expression of a series of proteins, 
(for a summary see Luckow and Summers. Bio/Technology 6, 47-55, 1988), can be used. 
Recombinant proteins can be produced authentically or as fusion proteins. The 
proteins thus produced may also be modified, for example be glycolized (Smith 
et al., Proc. Nat. Acad, Sci. USA 82, 8404-8408. 1987). To produce a recombinant 
Baculovirus, which expresses the desired protein, a socalled "transfer vector " 
is employed. This is understood to be a plasmid. which contains the heterologous 
DNA sequence under control of a strong promoter, for instance that of the polyhed- 
ron gene, with the sequence being surrounded on both sides by viral sequences. 
Particularly preferred vectors are "pNllB". "pN119" and "pN124". the vectors used 
in Example 10. These can be isolated according to known methods [42] from the 
E. coli strains HB101(pN113) . HB(101(pNll9) and HB101(pNl24) . These E. coli strains 
were deposited with the German Collection of Micro-Organisms and Cell Cultures, Inc. 
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(OSH) in Braun.chwel9. ™. Mr-der DS. 5762 for H8101(pN113) . DSM 5763 for 
HBl01(pNU9) and OSM 5765 for HB101(pN124). The tr.nsf.r v.ctor 1s then transf.cted 
together with ONA fro. the wild type Baculovirus ihto the insect cells. The re- 
c^inant viruses that are generated in the cells through hon»logous recombination 
..y then be identified and isolated according to known methods. A survey about 
the Baculovirus-Expressioh-System is found at Luckow and Su«>ers-[5E]. 

Expressed TNF-BP as well as their non-soluble and soluble fragments can then 
be purified out through methods of the protein chemistry known at the current 

state of the technology, as for ex^aple the methods already described on pages 

5-6, from the cell mass and or the culture supernatants . 

The TNF-BP recovered according to the invention may also be used for the 

production of polyclonal and monoclonal antibodies according to known methods of 

the technology [44,45] or according to the method described in Example 3. 
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Such antibodies. psrticuUrly n«.noclon.l antibodies against th. 75 kDa TNF-BP 
species, are also a subject of the present invention. Such antibodies directed 
asalnst the 75 kOa TNF-BP can be employed for Isolation of TNF-BP by .eans of 
edifications familiar to the specialist to the purification method described in 

detail 1n Examples 4-6* 

Based on the high binding affinity for THF of the TNF-BP according to the 
invention ( values of the orders of magnitude of 10"' - T^^H) they or fragments 
thereof my be used as diagnostics for identification of TNF in serum or in other 
body fluids according to methods kno«n at the current state of technology, for 
instance in solid phase binding tests or in combination with anti-TNF-BF anti- 
bodies on socalled "sandwich" tests. 

In general TNF-BP may be used according to the invention for purification 
of TNF on the one hand and for the location ofTNF-agonists as well as TNF-anta- 
gonists by means of methods known at the curent state of technology on the other. 

The TNF-BP according to the invention as well as their physiologically com- 
patible salts, which can be produced according tothemethods known at the current 
state of technology, may also be used for production of phanr.ceutic.l preparations 

in particular those for treatment of diseases in the course of which TNF is 
involved.One or several of the mentioned compounds, if desired resp. required in 
combination with other phamaceutically active substances, may be processed In a 
known manner with the usually employed solid or Hquid carrier materials. The 
dosage of such preparations can occur with reference to the usual criteria in 
analogy to preparations of similar activity and structure already in use. 

,ner having described the above Invention in general, the following examples 
are to illustrate details of the invention without limiting it by that in any 



way. 
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Example I 



Detection of TNF-bindin q Proteins 

The TNF-BP were detected in a filter test with human radioactive iodine 
125i.TNF. TNF (46.47) was marked radiactively with Na^" j (i„s40, Amersham. 
A.mersham, England) and lodo-Gen (#28600. Pierce Eurochemie. Oud-Bei Jerland. Ne- 
therlands) according to Fraker and Speck W. Isolated membranes of the cells 
or their solubilized. enriched and purified fractions, were applied to wetted 
cellulose nitrate filters (0.45 ^, Bio.Rad, Richmond, CA, USA)for detection of 
the TNF-BP. The filter was then blocked in buffer solution with 1% of defatted 
powdered milk and subsequently incubated, washed and airdried with S'lO cpm/ml 
125 i.TNF<. (0.3-1. 0-10« cpm/pg) in two batches with and without addition of 5 pg/ml 
of unmarked TNFc . The bound radioactivity was detected through autoradiography 
semiquantitatively or counted in a Y—nter. The specific I-TNF^ binding 
was obtained after correction for nonspecific binding in the presence of unmarked 
TNF-^ in the surplus. The specific TNF binding during the filter test was measured 
at various TNF concentrations and analyzed according to Scatchard [33], with a 

K value of lO'^ - 1-'^° having been obtained, 
d 

jxample 2 

CpII Extracts from HL-60 Cells 

H,60 cells CATCC Nr. CCL 240] «re cultivated on an experimental laboratory 
scale in an RPHl 1640-Mediu. [GIBCO catalog Nr. 074-01800], that also contained 
2 g/1 NaNCOj and 51 total calves' serum, within an atmosphere of 51 COj and -ere 

subsequently centrifuged. 

me following procedure was used to obtain high cell densities on a technical 
scale. Breeding was carried out in a 75 liter airlift fementer (Chemap. Co. Swi- 
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t«rund) With 58 li«r of worMng volu^. For that purpose th. c.s.ett, «*ran. 
s,s«n, "PROSTAK" (Hiinpore. Switierl.rd) with , ««n,bran. surface of n, d 
cassette) was integrated into the external circulation. The culture »ediu„ (see 
Table 1) was recirculated at 5 l/.ln. with a Watson-Marl ow pu^p Type 603U. After 
sterilization of the e^uip^nt with stea™. with the »«.OST«- system being sepa- 
rately autoclaved. fennentation was started with growing HL-60 ce-lls from a 20 1 
airlift fer^enter (Che.ap). Cell breeding in the seed fennent.r was carried out 
in the .ediM. through a conventional batch process according to Table I and an 
initial cell titre of ExlO^ cells/.l. After « days the HUO batch with a t1tre of 
4 9X10* cells/^1 was transferred to the 75 1 fer.,enter. The pH value was kept at 
7 1 and the pO^ value at ZS, saturation, with oxygen being fed through a .ioro- 
porous frit. After initial batch fo^ation the perfusion was started on the second 
day with a cell titre of 4xl0« cellsMl at a ™ediu. exchange rate of 30 1 per 
day On the filtrate side of the ™e.brane the conditioned ™ed1u™ was withdrawn and 
replaced by inflow of fresh mediu.. The inflowing .ediu™ was strengthened as fol- 
lows- pri^atcne fro™ 0.25* to 0.35%, gluta^in fro. 5 n« to 6 ™« and glucose from 
, g/1 to 6 g/1. The perfusion rate was then raised on the tMrd and fourth day to 
n 1 of .ediuWday and on the fifth day to 100 1 of .ediu./day. After 120 hours 
of continuous breeding the fermentation was finished. Exponential cell growth up 
to 40x10' cellsMl occurred under the given conditions of fermentation. The penod 
for doubling the cell population was 20-22 hours up to 10xlO« cells/.l and in- 
creased to 30.36 hours with increasing cell density. The share of the living cells 
was around 90-95S during the entire period of fermentation. The Ht-60 batch was 
then cooled down to about 12»C in the feo^nter and the cells were recovered through 
centrifugation (Beck.ann centrifuge [.odel 0-6B, rotor OS], 3000 rp™. 10 min.. 4 C), 
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Table 1 



HL -60 Medium 
Components 



CaClg ( moisture free) 
Ca(N03)2 -^H^O 
CuSO^ -BHgO 
Fe{N03)3 •9H2O 

FeSO^ .7H2O 

KCl 

KNO3 

MgClg (moisture free) 
MgSO^ (moisture free) 
NaCl 

NagHPO^ (moisture free) 
NaHgPO^ -H^O 
Na2Se03 -BHgO 
ZnSO^ •7H2O 

D-Gl ucose 

Glutathion ( red.) 
Hepes-Buffer 
Hypostanthi n 
Linoleic Acid 
tiponic Acid 
Phenol Red 
Putrescin 2HC1 
Na-Pyruvat 
Thymi din 



Concentrations 

mg/1 

112,644 

.20 

0.498 -10 
0.02 
0.1668 
.336.72 
0.0309 
11.444 
68.37 
5801 .8 
188,408 
75 
9.6-10 
0.1726 



-3 



4000 
0.2 

2383.2 
0.954 
0.0168 
0.042 
10.24 
0.0322 

88 
0.146 
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ft,-ni--i« 0.04666 
B 1 0 1 n n 

D-Ca-Pantothenate 2..546 

Choline Chloride 5.792 

Folic Acid 2.86 

i-Inositol 11.32 



Niacin Amide 



L- Asparagine Acid 



L- Arginine 



L- Glutamine 



2.6 



para- Amino-Benzoic Acid 0-2 

Pyridojtal HCL 2.4124 
Pyridoxin HCL 

Riboflavin 0.2876 

Thiamin HCL 2.668 

Vitamin 0.2782 

L- Alanine 11-78 



10 



L- Asparagine H2O 14.362 



40 



L- Arginine HCl 92.6 

L- Aspartate 33.32 

L- Cystine 2HC1 62.04 
L- Cysteine HCl -HgO 7.024 

L- Glutamine Acid 36.94 



730 



L- Glycine 21.5 

L- Histidine 3 

L- Histidine HCl -HgO 27.392 

L- Hydroxypyrol i ne ^ 

L- Isoleucine 73.788 

L- Leucine 75.62 



08/15/96 THU 13:56 FAX 206 233 0644 



IMMIINEX CORPORATION 



i|033 



EP 0 417 563 AZ 



L- Lysine HCl 
L- Methionine 
L- Phenylalanine 
L- Proline 
L- Serine 
L- Threonine 
L- Tryptophan 
L- Tyrosine -ZNa 
L- Valine 



Primatone RL (Sheffield Products, 

Norwich. N.Y., USA) 

Pluronic F58 

(Serva, Heidelberg, BRD) 

Fetal Calves' Serum 



102. 9 
Z1.896 
43.592 
26.9 
31.3 
£3 

11 .008 

69.76 

62.74 

100 U/ml 



Peni cil 1 i n / Streptomyc i n 

Insulin (human) ^ pg/ml 

Transferrin (human) , 1^ >ig/ml 

Bovine Serum Albumin ^^S/""^ 



0.25% 

0.01% 
0.3-3% 



The centrifugate was washed with isotonic phosphate buffer (PBS; 0.2g/l KCl, 
0.2 g/1 KH^PO^. 8.0 g/1 NaCl . 2.16 g/1 NagHPO^ - TH^O). to which were added S% 
dimethyl formamide , 10 mM benzamidine. 100 E/ml aprotinine. 10 uM leupeptine. 
1 uM pepstatine, 1 mM o-pheanthrol ine, 5 mM iodacetamide. ImM phenylmethyl sulphonyl 
fluoride (and which will be referred to as PBS-M from now on). The washed cells 
were extracted at a cell density of 2.5. 10^ cells/ml in PBS-M with Triton X-100 
( final concentration 1.0%). The cell extract was clarified through centrifugation 
( 15 '000 X g, 1 hour; 100000 x g, 1 hour). 
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Example 3 

Production of monoclonal (TNF-BP) Antibodies 

A supernatant of centrifugation obtained according to Example 2 from culti- 
vation of HL60 cells on an experimental laboratory scale was diluted 1:10 with 
PBS. The diluted supernatant was applied at 4°C to a column (flow rate: 0.2 ml/min), 
which contained 2 ml Affigel 10 (Bio Rad catalog Nr. 153-5099). to which 20 mg 
of recombinant human TNF-ot [Pennica. D. et al . {1984)Nature_312. 724; Shirai, T. 
et al. (1985) Nature 313, 803; Wang, A.M. et al . (1985) Science 228. 149] were 
coupled according to the suggestions of the manufacturer. The column was washed 
at 4°C and a flow-through rate of 1 ml/min first with 20 ml of PBS containing 
O.IZ Triton X 114 and then with 20 ml PBS. The thus enriched TNF-BP was eluated 
at 22°C amd a flow rate of 2 ml/min with 4 ml *of 100 mM glycine, pH 2.8. 0.13! 
decylm altos ide. The eluate was concentrated to 10 ;j1 in a Centricon 30 unit 
[Ami con] . 

10 ;j1 of this el uats were mixed with 20 /j1 of complete Freund's adjuvant 
to an emulsion. According to the procedure described by Holmdahl, R. et al .[(1985) , 
J. Immunol. Methods 83 379] 10 yil of the emulsion were injected on days 0. 7 and 
12 into a rear paw of an anesthetized Balb/c mouse. 

On day 14 the immunized mouse was killed, the popliteal lytnph node removed, 
chopped up and suspended in Iscove's medium (MEM, GIBCO catalog Nr. 074-2200), 
which contained 2 g/1 NaHC03. through repeated pipetting. According to a modified 

7 

procedure by De St. Groth and Scheidegger [J. Immunol. Methods (1980),35, 1] 5x10 
cells of the lymph node were fused with 5x10^ PAI mouse myeloma cells (J.W. Stocker 
et al., Research Disclosure, 217, May 1982, 155-157). which were in the process of 
logarithmic growth. The cells were mixed, collected through centrifugation then 
resuspended through gentle shaking in 2 ml 50% (v/v) polyethylene glycol in IMEM 
at room temperature and diluted through slow addition of 10 ml IMEM during 10 mi- 
nutes of careful shaking. The cells were collected through centrifugation and re- 
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suspended in 200 ml of the complete mediun, [IMEM . 20% fetal calves" serum, glu- 
tamine (2.0 mM). 2-n,ercaptoethanol (100 ,M). 100 hypoxanthine. 0-4 amino- 
pterin and 16 ,h thymidine (HAT)]. The suspension was distributed among 10 tissue 
culture dishes, each with 96 indentations and .without change of n-edium, incubated 
at 37°C in an atmosphere of 5% CO^ and atrelative humidity of 98%,for 11 days. 

The antibodies are characterized by their inhibiting effect to TNF binding 
with HL60 cells or through their binding to antigen during the filter test accor- 
ding to Example 1. The following procedure was employed for detection of biological 
activity of anti.(TNF-BP)-antibodies : 5x10^ HL60 or U937 cells were incubated 
in the complete RPMI 1640 medium together with affinity-free monoclonal anti.(TNF-BP) 
antibodies or control antibodies (i.e. those that are not directed against TNF-BP) 
in a concentration range of 1 ng/ml to 10 pg/pl ■ After an hour of incubation at 
37°C the cells were collected through centrifugation and washed with 4.5 ml PBS 
at 0°C . They were resuspended in 1 ml of complete RPMI 1640 medium (Example 2). 
which contained additional O.U sodium azide and '^h-JW^^lo' cpm/ml) with or 
without addition of unmarked TNFc.(see above). The specific radioactivity of ^ 

TNFe. amounted to 700 Ci/mmol. The cells were incubated for 2 hours at 4°C, 
collected and washed four times with 4.5 ml PBS, which contained 1% 8SA and 0.001% 
Triton X 100 (Fluka), at 0°C. The radiactivity linked to the cells was measured 
in a scintillation counter . In a comparable experiment the radioactivity linked 
to cells that were not treated with anti-(TNF-BP) antibodies was detemined (about 
10.000 cpm/5xl0^ cells ) . 

Example 4 

Affinity Chromatography 

For further purification a n»nocl=ral anti-(« kDa TNF-BPO antibody (2.8 mg/ml 
gel). as Obtained accordin, to Example 3. TNF (3.0 mg/ml 9el) and bovine serum 
albumin (BSA. 8.5 mg/ml geDwere coupled co.alent to CNBr-activated Sepharose 48 
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(Phamacia. Uppsala. Sweden). The cell extract obtained according to Example 2 
was fed through the thus established columns which were arranged in series in 
the following sequence: BSA-Sepharose precolumn. im-nunoaffinity column [anti- 
(55 kDa-TNF-BP)-antibody]. TNF«..ligand affinity colunn. After the completed 
task the two last mentioned columns were separated and individually washed with 
100 ml each of the following buffer solutions: (1) PBS. 1.0% Triton X-100. 10 mM 
benzamidine, 100 E/ml aprotinine; (2) PBS. 0.1% Triton X-100. 0.5 M NaCl . 10 n*^ 
benzamidine. 100 E/ml aprotinine; and (3) PBS. 0.1% Triton X-100. lOmM benzamidine. 
100 E/ml aprotinine. The immunoaff inity column as well as the TNFc-l igandaffinity 
column were then eiuate4, each one separately, with 100 ntM glycine pH 2.5. 100 mM 
NaCl, 0.2% decylmaltoside. 10 mM benzamidine, 100 E/ml aprotinine. The fractions 
of each column that were active during the filter test as per Example 1 were always 
united afterwards and neutralized with 1 M Tris pH 8.0 . 

The united TNF-BP active fractions of immunoaffinity chromatography on the 
one hand and of TNFcC- 1 igandaf f inity chromatography on the other were once more 
applied each to a small TNFoc^ 1 igandaf f inity column for further purification. 
Aftervards these two columns were washed each with 40 ml of (1) PBS. 1.0% Triton 
X-lOO, 10 mM benzamidine, 100 E/ml aprotinine. (2) PBS. 0.1% Triton X-100, 0.5 M 
NaCl, 10 mM ATP. 10 mM benzamidine. 100 E/ml aprotinine. (3) PBS, 0.1% Triton X-100. 

(4) 50 mM Tris pH 7.5. 150 mM NaCl. 1.0% NP-40. 1.0% desoxycholate. 0.1% SOS. 

(5) PBS. a2% decymatoside .Subsequently the columns were eluated with 100 mM 
glycine pH 2.5. 100 mM NaCl. 0.2% decylmaltoside. Fractions of 0.5 ml from each 
column were collected separately and the active fractions per filter test (Example 1) 
of each column united each separately and concentrated in a Centricon unit (Amicon, 
Molecular weight exclusion 10^000). 

Example 5 

Separation by means of HPLC 
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Th» active fractions obtained according to E«.ple 4 w.re applied wHh re- 
ference to tH. deferent or.,ins (i»noaff1nny chromatography resp. ,i,a„d.ff,n,t, 
cHro«to,r,ph. , each separate,, to Cl/CB reversed-phase HPLC co1u«s (ProRPC 
Pharmacia. S,ao «hich had been e,ui,1brated with 0.« tH.,uoroac.t,c ac,d. 
0 1, octyUlucoside. The columns «re then eluated with a linear ,c,tonitr„e 
gradient (0-B0„ in the buffer with a flow of 0.5 .IMin. Fraction, of 1.0 .1 

M ;,rti«e fractions from each column were 
were collected from each column and the active rracxio 

separately united (detection per Example 1). 

Example 6 

<;<. paration bv m eans of SDS-PAGE 

The active fractions obtained according to Example 5 and per filter test 
,E.«.ple 1) were further separated according to [34]. For that purpose the probes 
«ere heated for three minutes to «°C In SOS probe buffer and subsequently sepa- 
rated electrophoretically on a 1» acrylamide separation ge, with a « collecting 
ge1 *s reference for det.minatlon of the apparent molecular masses on the SOS- 
gel the following reference proteins were used: phosphorylase B (97.4 .Oa). 
BSA m). ovalbumin (42.7 .Da). Carboanhydrase (31.0 KOa). soy trypsin in- 

hlbitor (21.5 KDa) and lysojyme (14.4 kOa). 

• under the conditions mentioned two bands of 55 KOa and 51 KDa as well as three 
.eaker bands of 3B kOa. 36 .Oa and 34 kOa were obtained for probes that had been 
„bta1ned according to Example 4 through TNF.-Ugandaffinlty chromatography from 
,»unoaffinity chromatography eluates and had been further separated through 
according to Example 5. These bands were transferred electrophoretically In a 

. ,. J ri 1I5A1 for 1 hour at 100 V in 25 mM 
Mini Trans Blot System (Bio Red. Richmond. CA. USA) 

Tris 1S2 glycine. 20. n^thanol to a PVOF membrane ,I«obilon. Mlllipore. Bed- 

ford Mass. .SA). Afterwards the PVOF memb .v.d either with 0.5. 

Serva-Blau <S Heidelberg. BRO, In methanol /water/glacial acetic acid (50/40/10 

.... v„,„me, to protein or blocked with defatted powdered milk and subse- 
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quently incubated with ^"l-TNF^ according to the filter test conditions described 
in Example 1 for the detection of bands «ith TNF-BP activity. It was shown that 
all the bands exhibited in the proteirv color specifically bound TNFoC.All these bands 
bound in the Western blot according to Towbin et al . [38] including the monoclonal 
anti-55 kOa-INF-BP- antibody produced according to Example 3. In that case a 
rabbi t-anti -mouse -immunoglobulin antibody marked by Na^^j padiQ^ctivdj^affinity- 
free(mouse immunoglobulin -Sepharose-4B affinity column) according to the process 
described in Example 1 was employed for autoradiographic detection of this antibody. 

Probes, which are obtained according to Example 4 through double TNF*. - 
ligandaffinity chromatography of the flowthrough of immunoaffinity chromatography 
and are further separated through HPLC according to Example 5. showed two additional 
bands of 75 kDa and 65 kDa, both of which bound TNF specifically during the filter 
test (Example 1). In the Western blot according to Towbin et al . (see above) the 
proteins of these two bands did not react with the anti.(55 kDa TNF-BP)- antibody 
produced according to Example 3. They did react, however, with a monoclonal antibody, 
which had been produced according to Example 3 starting from the 75 kDa band 
{anti-75 kDa TNF-BP-antibody) - 

Example 7 

Amino Acid Sequence Analysis 

For amino acid sequence analysis the active fractions obtained according to 
Example 5 and per filter test (Example 1) were separated by means of the SDS-PAGE 
conditions described in Example 6 and now being reduced (SOS probe buffer with 
125 mM dithiothreitol). The same bands were found as per Example 6. but they 
all showed about 1-2 kDa higher molecular masses in comparison with Example 6 
because of the reducing conditions of SDS-PAGE. These bands were then transferred 
according to Example 6 to PVDF membranes and dyed with 0.15% 35 Serva-Blau in 
methanol /water/glacial acetic acid (50/40/10 parts per volume) during 1 minute. 
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d«=,or.d wUh ™th..cvw«r/guci.l .«t,c ac^d (.5/48/7 parts by volun«). rinsed 
.Uh water, airdri.d and then cut out. During all the steps the conditions gi.en 
by Hunkapiller [34] were followed to avoid N-ten.inal blockage. At first the 
purified TNF-BP were placed unchanged into the an,ino acid sequencing. To obtain 
additional sequence infomation. the THF-BP were cleaved with bro^ocyanide (Tarr. 
G.E. in "Methods of Protein Microcharacteri«tion». 165-166 op. cit.l.trypsin 
and/or proteinase K. after reduction and S-carbo,yn«thylat1on [Jones. B.N. (1986) 
in ■• Methods of Microcharacterization". J.E. Shively. ed. Human Press. Clifton 
N.O. 124-125] and the peptides were separated by «.ns of HPLC according to known 
™»thods of protein cheniistry. So prepared the probes were then sequenced in an 
automated gas phase-microsequencing apparatus (Applied Biosyst«,s Model 470A. ABI. 
Foster City, CA. USA) with an on-line automated HPLC PTH- amino acid analyzer 
(Applied Biosystems Model 120. ABI see above)>b.hind it. with the following 
amino acid sequences being determined : 

1. For the 55 kDa band (according to non-reducing SDS-PAGE): 
Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-AspSer-Val-Cys-Pro-Gln-Gly-Lys- 

Tyr-Ile-His-Pro-Gln-X-Asn-Ser-Ile 
and 

Ser-Thr-Pro-Glu-Lys-GlU'-Gly-Glu-Leu-Glu-GlyThr-Thr-Thr-Lys 

where X stands for an amino acid residue that could not be identified. 

2. For the 51 kDa and the 38 kDa bands (according to non-reducing SDS-PAGE): 
Leu-Val -Pro-Hi s-Leu-Gly-Asp-Arg-Gl u 

3. For the 65 kDa band (according to non-reducing SDS-PAGE): during N-ter^inal 
sequencing of the 65 kDa band two prallel sequences were identified without 
interruption down to the 15th residue. Since one of the sequences corresponded 

^ I.- rid 771 thP fdllovinq sequence was derived 

to a partial sequence of ubiquume [36,37] the Toiiovmg * h 

for the 65 kDa band: 

Leu-Pro-Al a-Gl n-Val -Al a-Phe-X-Pro-Tyr-Al a-Pro-(51 u-Pro-G1y-5er-Thr-Cys . 
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Where X stands for an an^ino acid residue that could not be identified. 
Additional peptide sequences for 75(65)kDa-TNF-BP were identified: 
Ile-X-Pro-Gly-Phe-Gly-Val -AT a-Tyr-Pro-Ala-Leu-Gl u 
and 

Ser-Gl n-Leu-Gl u-Thr-Pro-Gl u-Thr-LeuLeu-Gl y-Ser-Thr-Gl u-Gl u-Lys-Pro-Leu 
and 

Val-Phe-Cys-Thr 
and 

Asn-Gl n-Pro-Gl n-Al a-Pro-Gly-Val -Gl u-Al a-Ser-Gly-Al a-Gly-Gl u-Al a 
and 

Leu-Cys-Ala-Pro 
and 

Val-Pro-His-Leu-Pro-Ala-Asp 
and 

Gly-Ser-Gl n-Gl y-Pro-Gl u-Gl n-Gl n-X^X-Leu- n e-X-Al a-Pro 

Where X stands for an amino acid residue that could not be identified. 

Example 8 

Anal ysis of Base Sequences of C omplementary DNA (cDNA). 

Starting with the amino acid sequence according to formula AI. complete dege- 
nerated oligonucleotides corresponding to amino acid residues 2-7 and 17-23 were, 
with consideration of the genetic code, synthetized in suitable complementarity 
("sense" and "antisense" oligonucleotide). Total cellular RNA was isolated from 
HL60 cells [42.433. and the first strand of cONA was synthetized through oligo- 
dT-priming or through priming with the "antisense" oligonucleotide by means of 
a CDNA synthesis kit (RPN 1256 Amersham. Amersham England) according to the ma- 
nufacturer's instructions. This cDNA strand and the two synthetized degenerated 
■•sense" and "antisense" oligonucleotides were used in a polymerase chain reaction 
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(PCR. PerMn Elmer Cetu.. Hcn..U. CT.USA. according to ™.nuf»ctur,r's instruction) 
to synthetize the b.se sequence encoded for the »>ino .cid residues 8-16 (fonnuU 
IA),s a CDNA fragment. The base sequence of this cDNA fragrant Is as follows: 
6^AGGGASAAGAGAGATAGTETGTGTCCC-3: This cONA fragment was used as probe to Identify 
a CDNA clone encoded for the 55 kDA TNF-BP In a Xgt U-cONA-gene bank of human 
placenta (42.43) through known procedures. This clone was then cut from the ^.vector 
with the usual methods and cloned into the «l3mpl8/«13a.pl9 bacteriophages (Phar- 
macia. Uppsala. Sweden) (42.43). The nucleotide sequence of this cDNA clone was 
detemlned by means of a sequenase kit (U.S. Biochemical. Cleveland. Ohio. USA) 
according to infonnation from the manufacturer. The nucleotide sequence and derived 
from it the amino acid sequence for the S5 kOa TNF-BP and its signal peptide 
(amino acid "-ZB" to amino acid "O") is illustrated in Fig.l with abbreviations 
for bases and amino acids customary at the present state of technology. From 
sequence comparisons with other already known receptor protein sequences about 
180 N-terminals containing amino adds as well as 220 C-teminal domains contai- 
ning amino acid may be identified, which are separated by a transmembrane region 
of 19 amino acids (underlined in Fig.l) typical according to sequence comparisons. 
Hypothetical glycosylization locations are marked with stars above the correspon- 

ding amino acid in Fig.l , 

Analog technologies were employed basically for identification of partial 

CDNA sequences encoded for 75/65 kDa TNF-BP with. In this case, generic human DNA 

and from peptide IIA derived completely degenerated 14-mer (polymer . .Transl . ) 

and 15-mer "sense and "antlsense" nucleotides being used, to produce a primary. 

26 bp CDNA probe in a polymerase chain reaction. This cDNA probe was then used 
for identification of cDNA clones of various lengths in a HL-60 CONA Library. 
This CONA library was produced by means of Isolated H160 RKA and a cOHA cloning 
kit (Amersham) per instructions of the manufacturer. The sequence of such a 
CONA clone is illustrated in Fig.4. with repeated sequencing leading to the 
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following correction . In place of the serine in position 3 a threonine .ust be 
pgt which is encoded by "ACC" and not by "TCC". 

Example 9 

Px pression in COS l-Cells 

For the expression in COS cells vectors were constructed which originated 
from plasn,id "pNll". The plasntid "pNU" contains the efficient pro,noter and en- 
hancer of the "major in^ediate-early " gereof the human cytomegalovirus ("HCMV"; 
Boshart et al.. Cell Al . 521-530, 1985). Behind the promoter there is a short 
ONA sequence, containing several restriction interfaces that occur only once 
in the plasmid ( "polyl inker" ) . among them the interfaces for Hindlll. Ball. 
BaMHI and PvuII (see sequence). 

pvull 

5'- AAGCTTGGCCAGGATCCAGCTGACTGACTGATCGCGAGATC-S' 
3 • - TTCGAACCGGTCCTAGGTCGACTGACTGACTAGCGCTCTAG-5 ' 

Behind these interfaces there are three translation stop codons in all three 
reading rasters . Behind the polylinker sequence is the second intron and the 
polyadenylization signal for the preproinsul in gene of the rat (Lomedico et al . 
cell 18, 545-558, 1979). The plasmid contains furthermore the replication origin 
of the SV40 virus as well as a fragment from pBR322. which confers ampicillin 
resistance on E. coli bacteria and makes possible the replication of the plasmid 
in £. coli . 

For construction of the «pr«si=n vector "pN123» thi. plas,nid -pNll" «s 
cut «nh the restriction endonuclease PvuII and subsequently treated with 
alkaline phosphatase.Tl,e dephosphoryllzed vector was then isolated fro™ an 
agarose ,el (VI). The 5-" overhanging nucleotides of the EcoRi cut 1.3 kb frag- 
ments of the 55 kDa TNF-BP=cDNA (see Example 8) were filled with the help of 
Klenow enzyme, Subsequently this fragment was isolated from an agarose gal (Fl). 
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Afterwards VI and Fl were united by means of T4 ligase. E- coli HB 101 cells 
were then transfonned with this ligation batch according to familiar methods [42]. 
With the aid of restriction analyses and ONS sequencing according to familiar 
methods [42] transformants were identified, which had been transformed with a 
plasmid that contained the 1.3kb EcoRl fragment of the 55 kDa TNF-BP-cDNA in 
correct orientation for the expression via the HCMV promoter. This vector received 
the designation "pN123"- 

The following procedure was used for construction of the vector "pK19". A 
DNA fragment , which contains only the cDNA cotted fertht* extracellular part of 
the 55 kDa TNF-BP (amino acids -28 to 182 according to Fig.l) was obtained by 
means of PCR technology (Saiki et al.. Science 230, 1350*1354. 1985, see also 
Example 8), The following oligonucleotides were used for amplification of the 
cDNA encoded for the extracellular part of 55 kDa TNF-BP from "pN123". 

BAMHI 

5 ' -CACAGGGATCCATAGCTGTCTGGCATGGGCCTCTCCAC-3 ' 

ASP718 

3 ■ -CQTGACTCCTGAGTCCGTG6TGTATTATCTCTAGACCATGGCCC-5 » 

By means of these nucleoti des two stop codons of the translation were also i-ntro- 
duced behind amino acid 182. The thus amplified fragment was cut with BamHI and 
Asp718 and the resulting projecting ends were filled with the aid of the Klenow 
enzyme; this fragment was subsequently isolated from an agarose gel (F2). F2 was 
then ligated with VI and the whole batch used for transformation of E. coli HBlOl, 
as already described. Transfonnants which were transformed with a plasmid that 
contained the DNA fragment in correct orientation for expression via the HCMV- 
promoter, were identified by means of DNA sequencing (see above). The plasmid 
isolated from it received the designation "pK19"- 

Transfection of the COS cells with plasmids "pN123 or "pK19" was carried 
arrrtrHino to the lioofection method published by Feigner et al . (Proc. Natl. 
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Acad. Sci. USAM . 7413-7417, 1987). 72 hours after • the completed transfection 
the cells transfected with "pN123" were analyzed according to known methods with 
l^^I-TNFoCfor binding. The result of the Scatchard analysis [Scatchard. G., Ann. 
N.Y. Acad. Sci. SI, 660. 1949] of binding data obtained in that way (Fig.2A) is 
illustrated in Fig. 2B. The culture supernatants of the cells transfected with 
■'pK19" were investigated in a "sandwich" test. For that purpose PVC microtitre 
plates (Dynatech. Arlington. VA. USA) with 100 li/hole of a rabbi t-anti -mouse 
immunoglobulin (10 ^g/ml PBS)were sensitized. The plate was subsequently washed 
and incubated (3 hours. 20°C) with an anti-55 kOa TNF-BP antibody, which was de- 
tected according to Example 3 through its antigen binding and isolated, but does 
not inhibit TNF binding to cells. The plate was then washed again and incubated 
overnight at 4°C with 100 pl/hole of the culture supernatants (diluted 1:4 with 
buffer A containing 1% defatted milk powder 50 mM Tris/HCl pH 7.4, 140 mM NaCI . 
5 mM EDTA, 0.02% Na-azide ), The plate was emptied and incubated with buffer A 
(10^ cpm/ml, lOOpl/hole) containing ^^^I-TNFcu with or without addition of Z^g/ml 
unmarked TNF for two hours at 4°C . Afterwards the plate was washed four times 
with PBS, the individual holes were cut out and measured in a -f-counter. The 
results of five parallel transfections (columns H 2,3,4.6 and 7), of two control 
transfections with the pNU vector (columns #1,5) and of a control with HLSO-cell 
lysate (column #8) are illustrated in Fig. 3. 

Example 10 

Expression in Insect Cells_ 

For expression in a baculovirus expression system a start was made with the 
plasmid "PVL941" (Luckow and Sommers. 1989. "High Level Expression of Nonfused 
Foreign Genes with Autographa California Nuclear Polyhedrosis virus Expression 
Vectors". Virology 170. 3109). which was modified as follows. The sole EcoRI- 
interface in "pVL941" was removed by cutting the plasmid with EcoRI and filling 
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the protruding 5>nds with .leno- .nz^e. The thus oht,1ned pUs^id pVL941/E- 
w,s digested with Ban^il and Asp7ie and the vector ru.p subsequently isolated fron 
an agarose gel. This fragment was lig.ted with a synthetic oligonucleotide of 
the following sequence: 

BamHI EcoRI AsP"' 
S' - SATCCAGAATTCATAATAG - 3' 
3. . GTCTTAAGTATTATCCATG - 5' 

E coli HBlOl was transformed with the ligation batch and transf onnants . 
which contained a pl.s«id in which the oligonucleotide was correctly inserted, 
were identified through restriction analysis and DNA sequencing according to 
.nown .ethods (see above,; this plas^id was called "PNR704... for construction 
of the transfer vector -pKU3" this plas.1d ■;pNR704" was cut with EcoRI. treated 

with a1.a1ine phosphatase and the thus generated vector rump (V2, bsequ.ntly 

isolated fro. an agarose gel. The 1.3 kb fragment of 55 .Da TNF-BP-cDNA. cut 
with EcoRl like above, was ligated with fragment V2. Transfo^ants obtained with 
this ligation batch. Which contained a plas^id that contained the cDN. insert 
in the correct orientation for expression via the polyhedrin propter, were iden- 
tified (see above,. The vector isolated fro. it received the designation "ml3». 

The following steps were taken for construction of the transfer vactor ■•pNUa". 
The 1 3 kb EcoRUEcoRI-fragnent of the 55 KDa TNF-BP cONA in the "pUC,,.. plas^id 
(see Example 8, was digested with BanI and ligated with the following synthetic 
oligonucleotide : 

BanI 

5' - GCACCACATAATAGAGATCTGGTACCGGGAA - 3' 
3- . GTGTATTATCTCTCTAGACCATG6CCC - 5' 

By neans of the above adapter two stop codons of the translation behind 
,„ino acid lez and an interface for the restrictions endonuclease Asp718 are 
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inserted. After completed ligation the batch was digested with EcaRI and Asp718 
and the partial 55 kDa TNF-BP fragment (F3) was isolated. F.r.-thern,ore plasmid 
■•pNR704", which was also cut with Asp718 and EcoRI. was ^U^^d with F3 and the 
ligation batch transformed in E. coli HBlOl. Identificafi.r. of the transfonnants. 
which contained a plasmid in which the partial 55 kDa TN'-^OP cONA was integrated 
corectly for the expression, was carried out as already : : ::'ibed. The plasmid 
isolated from these transforraants received the name "pNi:.', 

The following procedure was followed in constructior Vr,e transfer vector 
"pN124". The cDNA fragment described in Example 9, which for the extra- 

cellular part of 55 kDa TNF-BP, was amplified with the o-: ^onucl eotides mentioned 
by means of PCR technology, as described in Example 9.Thi. ^-..ment was cut with 
BamHl and Asp718 and isolated from an agarose gel (F4). plasmid "pNR704" was 
also cut with BamHI and Asp718 and the vecto^ rump (V4) isolated (see above). 
The fragments V4 and F4 were li gated, used to transform E. coli HBlOl and the 
recombinant transfer vector "pN124" was identified and isc:..ed, as described. 

The following procedure was used for transfection of -;r.£=.:t cells. 3 ug of 
the transfer vector "pN113" were transfected with 1 /Jg D^A ■ - Autographa cali- 
fornica-nuclear-polyhedrosis virus (AcMNRV) (EP 127839) in 5-7 cells (ATCC CRL 
1711). Polyhedrin negative viruses were identified and pur^-.=: from "Plaques" 
[52], With these recombinant viruses Sf9 cells were agair, ■.--ted as described 
in [52]. After 3 days in the culture the infected cells we:": - -mined for binding 
of TNF with l25i.TNF«L . For that purpose the transfected • : were washed with 
a Pasteur pipette from the cell culture dish and. with a c.-.l density of 5x10^ 
cells /ml culture medium [52] containing 10 ng/ml ^"i. tNF-c. ,.s well as in the 
presense and absence of 5 ^g/ml unmarked TNF-ol . they were r:r.,.pended and in- 
cubated on ice for two hours. Afterwards the cells were washeo with a clean cul- 
ture medium and the cellbound radioactivity was counted with a T-ounter (see 
Table 2]. 
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Table 2 


Cells 1 


Cell bound 




radioactivity/10^ 




cells 


Non- infected cells (control) 


60 com 


Infected cells 


1600 - 330 com / 



^Uveraqe value and std- d pviation from 4 experiments 



Example 11 

Analogous to the method described in Example 9 the cDNA fragment encoded for 
the extracellular range of the 55 kOa TNF-BP was now amplified in a polymerase 
chain reaction with the following ol igonucleottides as primers : 

Oligonucleotide 1 : 



Sst I 



TAC GAG.CTC GGC CAT AGC TGI CTG GCA TG - 3' 



Oligonucleotide 2 : 
Sst I 

5' - ATA GAG CTC TGT GGT GCC T6A 6TC CTC AG -3' 
This CDNA fragment was ligated into the pCDA-H^ 3-vector [DSM 5523; European 
Patent Application Nr. 90107393.2; Japanese Patent Application Nr. 108967/90; 
US patent Application Ser. No. 510773/90], from which the CFA-cONA had been removed 
Via the Sst I-restriction interfaces. Sst interfaces are present in vector pCD4-H 3 
before, inside and behind the CD4 partial sequence section. The construct was trans- 
fected by means of protoplast fusion according to Oi et al . (Proc. Nat. Acad. Sci . 
USA 80 . 825-829. 1983) in J558-myeloma cells (ATCC Nr. T1B6). Transfectants were 



08/15/9L THU 14;00 FAl^^^^ ^^^^4copy IMMIFNEX CORPORATIOJ^ 



EP 0 417 563 A2 

selected into the basic medium (Dulbecco's modified Eagle's medium, 102 fetal 
calves* serum, 5x10"^ M 2- mercaptoethanol ) by addition of 5 jjg/ml myphenolic 
add and 250 pg/ml xanthine (Traunecker et al., Eur. J. Immunol. 16 , 851-854 
[1986]). The expression product secreted by the transfected cells could be puri- 
fied through the usual methods of protein chemistry, for instance TNF-BP antibody 
affinity chromatography. Where not already specifically mentioned/ standard methods 
like for example that of Freshney, R.I, in "Culture of Animal Cells", Alan R. 
Liss* Inc. New York (1983) were used for growing the cell lines used, for cloning, 
selecting, resp. for expansion of the cloned cells. 
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Claims 

1. Non-soluble proteins and soluble or non-soluble fragments thereof, which bind 
TNF in homogeneous fon., as well as their physiologically compatible salts. 

2. Compounds according to Claim 1, which are characterized by molecular masses 
according to SDS-PAGE under nonreducing conditions of about 55 kDa and 75 kDa. 

3. Compounds according to one of .the Claims 1 and 2. which contain at least one 
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Leu-Val -Pro-Hi s-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr- 
Ile-His-Pro-Gln-X-Asn-Ser-ne; 

Ser-Thr-Pro-GI u-Lys-GI u-GlyGl u-Leu-Gl u-Gly-Thr-Thr-Thr-Lys ; 

Leu-Pro-AI a-Gl n-Val -Al a-Phe-X-Pro-Tyr-Al a-Pro-Gl u-Pro-Gly-Ser-Thr-Cys; 

n e-X-Pro-Gly-Phe-Gly-Val -AT a-Tyr-Pro-Al a-Gl u-Pro-Leu-GI u ; 

Ser-Gl n-Leu-Gl u-Thr-Pro-Gl u-Thr-Leu-Leu-Gly-Ser-Thr-G1 u-GT u-Lys-Pro-Leu ; 

Val-Phe-Cys-Thr; 

Asn-61 n-Ppo-Gl n-Al a-Pro-Gly-Val -Gl u-Al a-Ser-Gly-Al a-Gly-GI u-Al a ; 

Leu-Cys-Ala-Pro; 

Val-Pro-His-Leu-Pro-Ala-Asp; 

Gly-Ser-Gln-Gly-Pro-GI u-Gl n-Gl n-Gl n-X-X-Leu-Ue-X-Al a-Pro 
where X stands for an unidentified acid residue. 

4. TNF sequences which are encoded for non-soluble proteins or soluble as well 
as non-soluble fragments thereof, that bind TNF, with such DNS sequences to be 
selected from the following: 

(a) DNA sequences, as shown in Fig.l or Fig. 4, as well as their complementary 
strands , or those thatthese sequences -include; 

{b)DNA sequences, which hybridizewith sequences as defined under (a) or with 
their fragments. 

(c)DNA sequences, which do not hybridize with sequences as defined under (a) and 

(b) , because of degeneracy of the genetic code, but which are encoded for 
polypeptides with exactly the same amino acid sequence. 

5. DNA sequences according to Claim 4. which include a combination of two partial 
DNA sequences, with one partial sequence encoded for soluble fragments of non- 
soluble proteins that bind TNF, and the other partial sequence encoded for all 
domains save the first of the constant region of the heavy chain of human immu- 
noglobulins, like IgG. IgA, IgM resp. IgE. 

6. DNA sequences according to Claim 5, with said human immunoglobulins being of 
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the IgM type resp. those of class IgG. 

7. DNA sequences according to Claim 6, where said human immunoglobulins are those 
of type Igl resp. Ig3. 

8, Recombinant proteins from DNA sequences encoded according to one of the Claims 
4-7, such as allelic variants, or deletion analogs, substitution analogs or addi- 
tion analogs thereof. 

9. Vectors, which contain DNA sequences according to one of the Claims 4-7 and 
are suitable for expression of proteins encoded by these DNA sequences In proka- 
ryotic as well as eukaryotic host systems- 

10, Prokaryotic as well as eukaryotic host systems which have been transformed 
with a vector according to Claim 9, 

11- Host systems according to Claim 10, which are mammalian or insect cells. 

I 

12. Antibodies directed against a compound according to one of the Claims 1-3 or 8. 

13. A method for isolation of a compound according to one of the Claims 1-3, cha- 
racterized in that the following purification steps are carried out sequentially: 
production of a cell extract, immunoaff ini ty chromatography and/or simple or mul- 
tiple ligandaffinity chromatography, HPLC and preparative SDS-PAGE and if so desired 
cleavage of the compounds thus isolated and/or transference into suitable salts. 

14. A method for production of a compound per Claim 8, which is characterized 

in that a transformed host system according to Claim 10 or IT is cultivated in a 
suitable medium and in that such compounds are isolated from the host system proper 
or from the medium. 

15. Pharmaceutical preparations, cfiaracterizol in that they contain one or more compounds 
according to one of the Claims 1-3 or 8, if so desired in combination with additional 
pharmaceutically effective substances and/or non-toxic, inert, therapeutically 
compatible carrier materials. 

16. Pharmaceutical preparations for treatment of diseases, in which TNF is involved, 
where such preparations are characterized in that they contain one or more compounds 
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■-.^ according to one of the Claims 1-3 or 8, if so desired in combination with addi- 
tional phannaceutically effective substances and/or non-toxic, inert, therapeu- 
tically compatible carrier materials. 

17. Use of a compound according to one of the Claims 1-3 or 8 for treatment of 
diseases, 

18. Use of a compound according to one of the Claims 1-3 or 8 for treatment of 
diseases, in which TNF is involved. 

19. A compound as claimed in one of the Claims 1-3 or 8 whenever it has been pro 
duced by a method as claimed in Claims 13 or 14. 
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Fiqur 1 Fig.l 



-185 aiATTCGGGGGGG7TatfyGATCACTGSGitfCa£3GCCCTGATCTC7ATGCCCGAGTCICAA 
-125 CCCTCAACTGTCACCCCAAGGCa^CITGGGaCGTCCTGGACaGACCGAGTCCCCKGAAfiCC 
-65 CCAGCACTGCCGCTGCCAavCTOCCCTGACCCaVAATGGGGGACTGAfiaGKCMAf^ 
-28. 

-30 MetGlyLeuSerTIirValProAspLeuLouteuProlAuValLeuLeuGluLeu 
-5 TCrGQCATGGGCCTUrCO^CCrGCCTCSJWXTGCTGCTGCCCXrTGGTGCTCCT 

+1 . 

-10 LeuValGlylleTyrPrpSetGlyVallleGlyLeuValProHisLBuGlyAspArgGlu 
55 TTGGTGGGJATATACCCCTCAGGGGTTATTGGACTGGTCXCTCACCTAGGGGJO^GGGAC 

10 LyaAr^AspSerValCysProGlnGlyLysTyrlleHisProGliiAsnAsnSerlleCys 
115 JUUSaCAraTJtfSTGTGTGTCCCCAAGGAAftAIATATCqu^ 

3 0 CysThrLysCysHisLysGlyThrTyrLeuTyrAsrAspCysProGlyProGXyGanAsp 
175 TGTACCAftGTGCCJtfJ^AAGGWCCTACTTGTACAATGACTGTCCftfiGCCCGGGGC^^ 

5 0 ThrAspCysArgGluCysGluSerGlySerPheThrAlaSerGluAsnHlsLeuArgHis 
235 AOKACTGCAGGGAGTGTGAGAGCGGCTCCTrCaCCGCrrCaaiAAACCACCrrC^^ 

70 cysLeuSerCysSerLysCysArgLysGluMetGlyGlnValGluIleSerSetCysThr 

295 TGCCrCAGCTGCrrCCAAATGCCGAAAGGAAATGGGTCaGGTGGAGATCTOT 

. ■ - • 

90 valAspArgAspThrValCysGlyCysArgLysAsnGlnTyrArgHisTyrTrpSer<31u 

355 GTGGftCCGGGAOiCCGTGTGTGGCTGCAGGAAGAACCAGTACCGGCATTATTGGAGTGAA 

110 AsnLeuPheGlnCysPheAsnCysSerLewCysLeuAsnGlymrvalHisLeuSerCys 
415 AACCTTTTCCAGTGCTTCAATTGCAGCCIClGCCTCAATGGGaCCGTGCACCTCTCCTGC 

130 GlnGluLvsGlnAsnThrValCysThrCysHisAlaG lyPhePhe LeuArgGluAsnGXu 
475 (aSGAGAAACAGAACACCGTGTGCACCTGCCATGCAGl,i i iCl i iCTAASAGAAAACGAG 

• - " * 

ISO CysValSerCysSerAsnCysLysLysSerLeuGluCysThrLysLeuCysLeuProGln 
535 TGTGTCTCCTGTAGTAACTGTAAGWUAGCCTGSAGTGCACGAAGTTGTGCCTACCCCAG 

^ . » 

170 IleGluAsnVaUysGlyThrGluAspSerGlyThgThr Yfil T i ffiT pnPrnT i niVri 1 TlP 
S9S Arr6AGAATGTTAAGGGCACIt»GGACTCAGGCACCACAGTGCTGTrGCCCCTGGTC^ 

190 Pt^aPhor.i vTT.M>^yeT ^.iT a.,«!p.>T o.>r ^nPK»Ti ^r;i vLAuMBtiTvrArtfrvrGliiArT? 
655 TTCnTGGTCTTTGCCTTTTATCCCTCCTCTTCATTGGTTTAATGTATCGCTACCAACGG 

210 TrpLysSerLysLeuTyrSerl leValCysGlyLy sSerThrProGluLysGluGlyGlu 
715 TGGRAGTCCAAGCTCTACrCCATTGTTTGTGGGAAATCGAOWCCrGAAAAAGAGCGGGftG 

230 LauGluGlyThrThrThrLysProLeuAlaProAsnProSerPheSerProThrProGly 
775 CTTGAAGOVACTACTACTAaCCCCCrGGCCCaUUlCCCAAGCTTavGTCCttCTC 

250 PheThrProThrLeuGlyPheSerProValProSerSertlirPheThrSerSerSerthr 
835 TTCACXCOIACCCTGGGCTTCAGTCCCGTGCCCAGTTCayCCTTCACCTCCAG^ 

270 TyrThrProGlyAspCysProAsnPheAlaAlaProArgArgGluValAlaProProTyr 
895 TATACCCCCGGTGACTGTCCCAACmGCGGCTCCCCGCAGACAGGTGGCACCACCCTAT 

290 GUiGlyAlaAspProIleLeuAlaThrAlaLeuAlaSerAspProIleProAsnProLeu 
955 CAGGGGGCTGACCCCATCCTTGCGACMCCCTCGCCTCCGACCCCATCCCCAACCCCCIT 
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310 GljU.ysTrpGluAspSerAiaHisLysProGlnSerl*uAspThrASFAspProAlaTIir 

1015 CAGAAGTGGGAGGACASCGCCCACAAGCCACAG^GCCTAGAC^ 

330 LeuTyrAlaValValGluAsnValProProLeuArgTrpLysGliiPheValAxgArgLeu 

1075 CXGTACCK:CCrrGGTGGAGAACGTGCCCCCCSTGCGCTGGAACC3ArrCCTGCQXGCCIA 

350 GlyLeuSerAspHisGluIleAspArgLeuGluLeuGlxiAsnGlyAzcfCysLeuAreiGlu 

1135 GGGCTGAGCGaCCACGaGATaaTCGGCTGGAGCTGCaGAACGGGCa_'ru.LTUa3LG»G 

370 AlaGlftTyrSerMetLeuAlaThrtrpArgArgArgThrProArgArgGluAlaThrLeu 

1195 GCXXaATAauSCATGCTGGCGACCTGGRGGCGGCX^CaCGCXGCGGCGCG ft Gfy' 

3 90 GluLeuLeuGlyArgValLeuAr^AspMetAspLeuLeuGlyCysLeuGluAspIleGlu 

1255 GRGCTCCTGGGACGCGTGCTCrGCG^TGGaarrGCTGGGCreCCTGGWSGA^ 

- • ■ " ' 

410 GluAlaLeuCysGlyProAlaMaLeuProProAlaProSerLeuLeuArg 

1315 GafiGaSCTTTGCGGCCCCGCCGCCCTCCCGCCCGCGCCCAGTCrrCTCagAT GAGGCTGC 

1375 GCCCCTGCGGGCAGCTCTAAGGACCGTCCTGCGAGATCGCCTTCCAACCCaW-l I'll IIX. 

1435 TGCAAAGGaGGGGTCCTGCMCGGOAGCAGGAGCTAGC^ 

1495 CCCTCGATGTACATAGCTTTTCTCAGCrGCCTGCGCGCCXCG ACAGT CaSCGCTCT 

1555 CGCGGAGAGAGGTGCGCCGTGGGCTCAAGAGCCTCSACTGGGTGGTTTGCGAGGATGAGGG 

1615 ACGCTaVTGCCTC&TGCCCGTmGGGTGTCCrCftCCaGCAAGGC TGCTCGG GGGC CCCTG 

1675 GTTCGTCCCTGAGCCTTTTTCACftGTGCATAACCAGTTTill I lUl 1 i ilGTTTTCn 1 1 

1735 GTTTTGTTTTTAAATau^TCXTGTrACACTAATAGAAACTTGGCACTCCTGTGCCCTCTG 

1795 CCTGGJ^CAAGCAO^TAGCAAGCTGAACTGTCCTAAGGCAGGGGCGWGCACGGAACAATGG 

1855 GGCCrrCAGCTGGAGCTGTGGACTTTTGTACATACACTAAAATTCrGAAGTTAAAAAAAA 

1915 AACCCGAATTC 
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Fiqur 3 Fig. 3 
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SerftspS»rUo I CyaflspSarCyaG I uflapStrThpTyrThrG I nLeuTppflsnTrpOa I 
TCCGflCTCCGTGTOTCRCTCCTCTGRCGflCflGCflCflTflCflCCCflBCTCTGGflflCTGGCTT 

■ • ■ • . , 

ProG I uCyaUuSerCyaG I ySepRr9Cy3$ahSep83p6 1 nUa I G I uThrG I nA I aCya 
CCCGHGTGCTTGflGCTGTGGCTCCCCCTGTflCCTCTGBCCflCGTGGRflHCTCflRGCCTCC 

' - * • . 

ThpRpgG I uG I nflanRpg 1 1 eCyaThrCyaflpgProG I yTppTypCyafl I aLeuSapLya 
RCTCGGGRHCHGRflCCGCflTCTGCflCCTGCRGGCCCGGCTGGTRCTGCCCCCTGRGCRRG 

G I nG I uG I yCy aflrgLeuCy 9R I aPpeUuPpoLyaCyaflpgProG I yPheG I yUa I R I a 
CRGGRGGGGTGCCG6CTGTGCGCGCCCCTGCCGRRGTGCCCCCCCGGCTTCGGCCTGGCC 

RrgPreG I yThpG I uThpSerRspUo I Uo I CyaLyaPPoCyaR I oPpoG I y ThpPheSer 
RGflCCflGGflflCTGRRflCflTCRGflCGTGGTGTGCflflGCCCTGTGCCCCGGGGflCCTTCTCC 

* . I . » 

RanThpThpSepSepThpflsp 1 1 eCyaRpsPpoH i aG I n 1 1 eCyaflanUo I Ua I R I a I I e 
RRCflCGflCTTCRTCCflCGGRTflTTTGCRGGCCCCflCCHGRTCTCTfiflCCTGGTGGCCflTC 

ppoQ I yRanR I aSspRpgRapR I aUa I CyaThpSepThpSepPpoThpRpgSapflelR I a 
CCTGGCflRTCCflflGCflGGCRTCCflGTCTCCRCGTCCRCGTCCCCCRCCCGGRGTRTGGCC 

PpoG I yH I aUa I H i sLeuPreG I nPpoUa I SopThpRpgSepG I nH i aThrG I nppeSar 
CCRGGGGCRGTflCflCTTRCCCCflGCCflGTGTCCflCRCGRTCCCflflCflCRCGCRGCCflRGT 

• • I * * • 

PpoGIuPpoSepThpRloPpoSepThpSepPheLeuLeuPponetGlyPpoSepPpoPpo 
CCRGfiflCCCflGCflCTGCTCCflflGCRCCTCCTTCCTCCTCCCRRTGGGCCCCflGCCCCCCfl 

R I qG I uG i ySepThpG I yRapPhsfl I aLcuPpoUa 1 G I yLeu 1 1 eUa I G I yUa I ThpR I a 
GCTGRRGCGRGCRCTGGCGflCTTCGCTCTTCCRGTTGGflCTGRTTCTGGGTGTGflCflGCC 

■ * . ■ « • 

LeuG I yLauLeu 1 1 e 1 1 sG I yUa I Ua I RanCysUa M I anal THpG I nUa I LysLyaLya 
TTGGGTCTRCTRRTRRTRGGRGTGGTGflRCTGTGTCflTCflTGflCCCfiCGTGflRflRflGRRG 

• 

PpoLeuCyaLeuG I nRpgG I uR i aLyaUa I ProH i aLauPpoR I aflapLyaR I oRpgG I y 
CCCTTGTCCCTGCRGRGRGRRGCCflflCGTGCCTCRCTTGCCTGCCGflTflflGGCCCCGGGT 

* ' • . k • 

ThpG I nGI yPpoG I mG I nG I nHi aLeuLau I I eThpR I oPpaSapSepgepSepSepSap 
RCflCRGGGCCCCGRGCRGCRGCflCCTGCTGRTCnCflGCGCCGRGCTCCRGCRGCRGCTCC 

* 

LauG I uSapSepR I oSerR I oLauRapRpgRrgR I oPpoThpRpgRanG I nPpoG I nR I a 
CTGGRGflGCTCGGCCflCTCCGTTGGRCflGRRGGGCCCCCflCTCCGRRCCRGCCflCflGGCfl 
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Fiour 4 (Forrsetzung) ^^'9-4 (continuation) 



281 ProG I yUQ i 6 1 uA I aSei-G I yA I aG i yG I uA I qAp^A I oStrThrG I ySarSapA I oAap 
811 CCnGGCCTGGAGGCCflGTGGGCCCGGGGAGGCCCGGGCCnGCnCCGGGRGCTCAGCRGAT 

I • , . V V 

301 SsrSerPpoG I yG i 9H i sG i yThrO I nUo I AsnUo I ThrCys 1 1 eUa I AsnUo I CysS«p 
901 TCTTCCCCTGGTGGCCATGGGACCCRGGTCRRTGTCRCCTGCATCCTCAACGTCTGrAGC 

■ a a • • ■ 

321 S«r S«pfl9pH i sSerSerG I nCyaSarSerG i <iA I aSerSerThrHet G I yflspThrAsp 
961 AGCTCTGRCCflCAGCTCRCRGTGCTCCTCCCAflGCCAGCTCCACRATGGGRGRCRCRGAT 

• . ■ , • . 

311 SarSepPpaSarG I uSarPr oLysflspG I uG I nUa i ProPheSarCyaG i uG I uCyaft t a 
1021 TCCAGCCCCTCCGRGTCCCCGRAGGRCCRGCAGGTCCCCTTCTCCflRGCAGGRRTGTGCC 

• • . • • • 

361 PhaArgSerG I nLeuG I uThrPreG I uThrLeuLeuG t ySarThrG I uG I uLyaProLau 
1 OB 1 TTTCCGTCRCRGCTCGRGRCGCCnGRCRCCCT CCTGGGGRGCRCCCRR6RGRRGCCCCTC 

' » • If ■ - t 

381 PraLauG I yUa I ProRspA I aC I ydat LyaPraSep 

nil CCCCTTG6RGTGCCTCRTCCTGGGRTGRAGCCCRGTTRACCRGGCCGGTGTGGGCTGTGT 

1 20 1 CGTAGCCRRGGTCGCTGRGCCCTCGCRGGRTGRCCCTGCGRRGGGGCCCTCGTCCnCCfl 

1 26 1 GGCCCCCRCCRCTHGGRCTCTGRGGCTCTTTCTGGGCCRRGTTCCTCTAGTGCCCTCCflC 

1321 AGCCGCRGCCTCCCTCTGHCCTGCRGGCCRRGRGCAGRGGCRGCGRGTTGTGGRARGCCT 

1 38 1 CTGCTGCCRTCGCGTGTCCCTCTCGGAA6GCTG6CTCGGCATGGRCGTTCGGGCCRTGCT 

1 11 1 GGGCCRRGTCCCTCRGTCTCTGTGRCCTCCCCCGCCCRGCTGCRCCTGCCRGCCTGGCTT 

1 SOI CTGGRGCCCTTCGGTTTTTTGTnGTTTGTTTGTTTGTTTGTnGTTTCTCCCCCTGGGC 

1S61 TCTGCCCRGCTCTGGCTTCCftGflflRRCCCCRGCRTCCTTTTCTGCRGRGGGGCTTTCTGG 

1621 RGRGCRGGGRTCCTGCCTGACTCnCCCRTGRAGRCRGGRCRGTCCTTCRGCCTGRGCCTG 

1 68 1 RGRCTGCGCGRTGGTCCTGGGGCTCTGTGCRGGGRGGRGGTGGCRGCCCTGTRCGGRRCC 

1711 GGGTCCTTCRRGTTRGCTCRGGRGGCTTGGRRRGCRTCRCCTCRGGCCRGGTGCAGTGGC 

1801 TCRCCCCTRTGRTCCCRGCRCTTTGGGRGGCTGaGGCGCGTGGRTCRCCTCRGGTTRGGR 

1 86 1 GTTCGRGRCCRGCCTGGCCRRCRTGGTBRRflCCCCRTCTCTflCTRRflflATRCRGRRRTTfl 

1921 GCCGGGCCTGGTCGCGGGCRCCTATRGTCCCRGCTRCTCRGRRGCCTGRGGCTGGGRRRT 

1 98 1 CGTTTGAACCCCGGARGCGGRGGnGCRGGGRGCCGRGRTCflCCCCRCTGCRCTCCflGCC 

2011 TCGGCGRCRGRGCGflGRGTCTGTCTCRRRRGAflRAAARARAAGCflCCGCCTCCRRnTGCT 

2101 RHCTTGTCCTTTTGTRCCRTGGTGTGRRRGTCRGRTGCCCRGRGGGCCCflGGCRGGCCflC 

2161 CATRTTCRGTGCTCTGGCCTGGGCRRGRTRRCGCRCTTCTRRCTRGRAATCTGCCARTTT 

2221 TTTRRAARAGTARGTRCCRCTCRGCCCRRCRRGCCRRCGACRRRGCCRRRCTCTGCCRGC 

2281 CflCRTCCflACCCCCCflCCTGCCflTTTCCACCCTCCCCCTTCRCTCCGGTCTGCCTGCflG 



